Small cells typically had a theca thinner than large cells, and cingular and sulcal lists were less developed. Both small and large cells were seen dividing, producing 1 to 4 round intracellular bodies. Some of these round bodies in turn contained many small flagellated cells which escaped through a pore and swam rapidly. Their behaviour after release, and how they might give rise to vegetative cells, has not been observed thus far; we do not believe they are fungal parasites. We propose the following hypothesis to explain our observations: round-shaped bodies, formed inside the vegetative cells, produce small, motile zoids. These zoids grow and are transformed into apparently vegetative forms, which later act as gametes. Soon after conjugation, the zygote encysts, sometimes after the first or the second division. This working hypothesis, however, requires further elucidation and confirmation using different approaches.
INTRODUCTION
Although the dinoflagellate genus Dinophysis has been known since 1840, when Ehrenberg first described several species, its biology and ecophysiology are still poorly understood.
The harm caused by diarrheic toxins which Dinophysis spp. produce appears to have recently shown a considerable increase both in space and time (Anderson 1989 , Smayda 1990 , Belin 1993 , Hallegraeff 1993 ).
Furthermore, cell densities of >105 cells I-', 2 orders of magnitude higher than those mentioned in the old literature, have recently been reported from different regions of the world (Freudenthal & Jacobs 1991 , Belin 1993 , Lassus et al. 1993 , Subba Rao et al. 1993 . Consequently, increasing attention is now being focused on the life cycles, reproductive strategies, nutrition, toxin production and taxonomy of Dinophysis spp. using 'E-mail: berland@com.univ-mrs.fr O Inter-Research 1995 newly developed methods. Identification of different taxa as well as different stages within species is an important aspect of dinoflagellate ecology, since either spatial or temporal species succession may be partly triggered by mechanisms maintaining the species' capacity to adapt to environmental changes and thus also affect their biological diversity.
That no Dinophysis species have yet been cultured in the full sense, coupled with their sporadic occurrence in the sea, has so far seriously limited current knowledge. Nonetheless, Reguera et al. (1990) described cells of 2 distinct sizes that Mackenzie (1992) later referred to different stages of a sexual life cycle, while observed formation of cysts which they believed to represent a temporary resistant stage.
Here we report some new forms observed in natural populations of Dinophysis cf. acuminata and D. acuta, 2 dominant species along the French Atlantic coast, and D, pavillardi, a species occurring in the Mediterranean Sea.
MATERIAL AND METHODS
The port of Antifer, near Le Havre, France, provides exceptionally good conditions for collecting Dinophysis spp. cells, since high densities, up to 160000 cells I-', have occurred in summer nearly every year slnce 1987 (Lassus et al. 1993) . The dominant species is similar to D. acuminata (Fig. 12) , though it is likely to be a different, undescribed species . In July and August 1990 and 1992, we harvested a large number of cells using a protocol for concentration by size fractionation and reverse sedimentation (Maestrini et al. 1995 -this issue) . In 1992, cells of D. pavillardi were collected in the Gulf of Fos, in the Mediterranean Sea. In 1993, cells of D. acuta were harvested in the harbor of Douarnenez, southern Brittany, where a bloom of this species occurred in May. All Dinophysis-enriched assemblages were kept in original seawater (10 1 polycarbonate bottles) in subdued daylight, without any shaking or turbulence, at 18OC; some Dinophysis populations survived up to 3 wk.
Light microscopy. Living and fixed (2 % glutaraldehyde) cells were observed with a Leitz optical microscope. For scanning electron microscopy, fixed specimens were gently filtered and rinsed with distilled water and dehydrated through ethyl alcohol (30, 50, 70 and 100%) ; then the filters were mounted on scanning stubs, freeze dried and coated with a gold palladium alloy.
Transmission electron microscopy. Cells were first fixed in a mixture of glutaraldehyde and cacodylate (seawater, 5 vols.; glutaraldehyde 25%, 1 vol.; cacodylate buffer 0.4 M, 4 vols.) at 4OC, for 2 h; then cells were rinsed in a mixture of 0.2 M cacodylate and 0.4 M NaCl for 2 h, followed by 2 rinses with seawater; cells were finally postfixed with 2 % osrnic acid for 1 h, and rinsed twice with seawater and several times with distilled water. Fixed samples were dehydrated through a graded ethanol series, embedded in 'Durcupan' resin and sectioned; before observation, thin sections were stained with uranyl acetate. 
RESULTS
Cells of 2 different sizes were observed in Dinophysis cf. acuminata (Figs. 1 & 2); the smaller cells resembled D, skagii Paulsen. After 1 to 2 wk in the laboratory, small cells had increased in number; both large and small cells were seen dividing. Usually small cells had a theca thinner than large cells (Fig. l l ) , and less developed cingular and sulcal lists (Figs. 1, 2 & 3). Both large and small cells were also observed in D. pavillardi (Fig. 14) . In D. acuta, we also observed a contraction of the cytoplasm inside the theca, resulting in formation of a small cell inside a large cell (Fig. 15) .
One to two wk after sampling, most of the cells, both large and small, were seen to have produced 1 or several internal spherical bodies of varying sizes (Figs. 2, 4 , 5 & 13), up to 4 in Dinophysis acuta. Only a fraction of the cytoplasm contributed to the formation of these bodies; hence, when cells disrupted and the round bodies were released, a part of the cell material was released into the water. The outer wall of the round bodies was smooth.
Some round bodies were filled with numerous small granula (Figs. 6 & 7) showing a colored area. These granula appeared to move and escape from the round ULcJ Llll pore (Fig. 6 ). Then. they were seen as gellatec 3pidly swimming, pyriformic cells, 2 pm wide and m long (Figs. 8 & 9) . The flagella seemed to be inserted in the anterior part of the cell; they were not clearly seen, however. Unfortunately, most of these cells were immediately captured and ingested by ciliates, and no further observation has yet been possible.
With all 3 species, we have observed images which resembled steps in conjugation, either between cells of the same size (Figs. 10 & 16) or between one large and (Fig. 14) . Two cells first come together, and used their lists and flagella to wrap around each other (Fig. 14) . Later the cells appear to be strongly attached near the sulcal area (Figs. 10 & 16) . They always move together very fast; hence, to enable pictures to be taken, they had to be pipetted and transferred into a few drops of seawater and fixed with glutaraldehyde; this treatment did not separate the 2 cells. We were not able to observe the whole process in a single pair of cells, however.
DISCUSSION
Several Dinophysis species have been reported to show cells of 2 distinct sizes, each of which was previously described as a separate species. Accordingly, the following pairs of former species are now associated: D. sacculus and D. skagii . D. acuta and D. dens (Reguera et al. 1990 , MacKenzie 1992 , Hansen 1993 (Hansen 1993) . Mackenzie (1992) argued that each size type represents a different gamete in a sexual life cycle, consistent with the anisogamous gamete phenomena observed in some dinoflagellates (Pfiester 1984) . The conjugation couplets we observed and the existence of a planozygote with 2 trailing flagella, the result of fusion by 2 cells, seen once by McLachlan (1993) in Dinophysis acuminata, also support the idea that sexual reproduction occurs. In contrast, Partensky & Vaulot (1989) argued that the 2 size forms of Gyrnnodinium cf. nagasakiense are not gametes, but reflect a growth strategy; the smaller ones, which use photosynthetic active radiation best, divide faster when environmental conditions are favourable, while the larger ones are more resistant under adverse conditions. Historically, this 'depauperating' process was first described by Silva (1971) in several dinoflagellates; without any physiological interpretation, however.
Our findings indicate that both the large and the small cells are capable both of vegetative division and of forming round bodies; we suggest that these round bodies result from sexual reproduction. In other words, small cells should not be solely considered as gametes; they could act both as vegetative and sexual cells, according to the life cycle stage. This process would reflect a high flexibility of the life cycle and ability to cope with changes in environmental conditions. Cysts formed by Dinophysis spp. were first observed by who believed they were a temporary, resistant stage. Then, Moita & Sampayo (1993) argued that small cells in D. acuta (D. dens) and D. tripos or D. caudata (D. diegensis) were gametes, and that the resulting zygote was identical to the 'resting cyst stage'. In their fixed samples of natural populat i o n~, the different forms intermediate between a typical vegetative cell and a cyst were separated only by gradual differences, perhaps suggesting an encystment. According to these authors, the encystment process seemed to begin with the disappearance of the cingular and sulcal lists followed by the production of an outer membrane. The cysts were oval.
The formation of intracellular round bodies which themselves can produce many small motile cells (Figs. 8 & 9) is reported for the first time. We saw this ephemeral phenomenom 3 times in Dinophysis cf. acuminata, always during the same period of the year, late August. These round-shaped bodies resembled cysts described by Faust (1990 Faust ( , 1993 for different species of Prorocentrum. Similar bodies have been also seen in other algae, including the toxic diatom Nitzscllia pungens (Subba Rao et al. 1991) .
It has been suggested that zoid-like bodies seen in dinoflagellates could be fungal parasites, such as chytrids (Rosowski et al. 1992) , and freshwater dinoflagellates of the genera Ceratium and Peridinium have indeed been reported to be infected by chytridiales (Canter 1961 (Canter , 1968 . In contrast, in none of the Dinophysis cf. acurninata and D. acuta we observed did we see any sporangia or zoospores on the thecae (in the zoosporic fungi, sporangia are epibiotic rather than endobiotic) or any thread-like rhizoidal system inside the cell typical of chytrids (Canter & Jaworski 1978) . The ultrastructure shown in the micrographs of D. cf. acurninata sampled 1 wk before the formation of round bodies did not indicate infestation by fungi or any other organisms.
Many dinoflagellates are known to parasitize marine protists and metazoans (Cachon 1964 , Cachon & Cachon 1967 . Fritz & Nass (1992) showed the presence in Dinophysis norvegica of the endoparasite dinoflagellate Amaebophr-ya ceratii, which was previously known to parasitize Gonyaulax catenella (Taylor 1968) . However, all the sections we have observed in D. cf. acuminata and D. acuta differed markedly from the trophont given by A. ceratiiin the host cell (Figs. 13 & 14 in Fritz & Nass 1992). Moreover, the cyst-containing Dinophysis cells never differed from the vegetative cells, while trophont-hosting A. ceratii cells become giant (Taylor 1968) . In contrast, Dinophysis cf. acuminata zoids somewhat resembled motile zoids of the non-cyst-forming dinoflagellate Noctiluca miliaris which were assumed by Zingmarck (1970) to be gametes capable of conjugating and of giving a zygote.
To tentatively summarize: due to the lack of serial observation of the whole process, several hypotheses can be proposed to explain the images we have observed. Although at present the parasite hypothesis cannot be discarded, we prefer the following one. Round bodies form inside the vegetative cells, and produce small, motile zoids; these zoids could be gametes, except that conjugation of zoids was not observed while conjugation of vegetative-shaped cells was clearly seen (Figs. 10, 14 & 16) . Hence, it is likely that zoids grow and give apparently normal vegetative Dinophysis cf. acuminata and D, acuta forms, which later act as gametes. Soon after conjugation, the zygote encysts, sometimes after the first or the second division. 
CONCLUSION

